Abstract-In this paper, we investigate on the analysis of antennas positioning on a wireless camera for optimizing spatial and polarisation diversity, and consequently MIMO performances. Different configurations are evaluated considering isolation and correlation coefficients. Theses parameters are determined from either simulated or measured radiation pattern coefficients. The diversity efficiency is optimised considering the small available footprint of the antenna support. A hybrid solution combining spatial and polarization diversities are proposed tanks to an original implementation of miniature wideband dipole antennas.
I. INTRODUCTION
High Definition Television (HDTV) is a major technological advance in order to get higher audio/video resolution. Suppliers must increase the quality of pictures and data transfer, resulting in a significantly extended data throughput. At the same time, due to practical considerations, HDTV cameras must operate optimally in wireless mode to allow real time professional shots without constraints (weight, compactness, robustness, autonomy, flexibility and reduced deployment time, Radio link availability) over an extended covered area.
The MIMO (Multiple-Input Multiple-Output) technology is based upon the use of multiple emitting and receiving antennas, then ensuring or improving the link budget, even under highly disturbing environments. Namely, the MIMO technology appears as the best candidate for offering optimized communication conditions between terminals under minimized information loss. Among the different diversity scenarios which can be imagined (spatial, frequency or polarization diversity), the reduced area available on a portable device, like camera, induce specific constraints, with intrinsic limitations in terms of spatial diversity. A 4*4 MIMO system considering 4 wideband monopole antennas with spatial diversity may exhibit quite high coupling level between antennas, which appears as a major risk in terms of MIMO algorithm efficiency. Consequently, these criterions must be well evaluated, and cancelling the coupling phenomena as well as the correlation coefficient between antennas appears as critical challenges. In this paper, we rely on the calculation of the correlation coefficient ρ in order to determine the efficiency of the proposed system. Specific implementation of the multiples antennas system on a HD wireless camera is consequently investigated, and evaluated in terms of efficiency.
II. MIMO SYSTEM SPECIFICATIONS
The performances expected for the Outdoor/Indoor wireless system are described hereafter. The IEEE 802.11n standard and protocol are exploited, with a 4*4 MIMO configuration, targeting communications in various environments (studio, stadium, ..) . An algorithm for the determination of the correlation coefficient ρ has been investigated, and exploited for analysing the MIMO system efficiency depending on the antenna configuration and the involved propagation channel characteristics [1] [2].
The correlation coefficient ρ between access i and j, which corresponds to the excitations on antenna i and j respectively, is given by the above equation [3] : Quite a wide operating bandwidth [1.8 -5GHz] @ ROS =2] is achieved for the monopole antenna, due to its particular volumic shape, with a gain of 2dBi and cross polarisation levels lower than -25dB. As shown on Fig. 2, 4 antennas are placed on a λ 0 *λ 0 metallic support for providing antenna diversity. The metallic support acts also as a protective (masking) ground plane with respect to the cameraman and the camera itself.
With spatial diversity, several wavelengths are usually considered between adjacent antennas of the MIMO sensor. However, given the limited area available for the camera, the spatial diversity remains insufficient to achieve sufficient decorrelation value between access ports (at 2.5 GHz, the correlation is over 0.8 if the antenna spacing is less than 0.1λ). The polarization diversity is an alternative solution to provide improved decorrelation levels. In this study, we consider a hybrid approach combining both spatial and polarization diversity scenarios.
B. Correlation coefficient determination
The correlation coefficient is a fundamental parameter for estimating the MIMO processing efficiency. It is determined from Equ.(1) by extracting far field radiation patterns obtained either through simulations or experiments.
The experimental determination of the correlation coefficient is proposed in this paper due to the advantage of reproducing more accurately the radiation patterns of the 3D spatially distributed antennas, taking into account the complex environment (antennas with radome, base stations and mobile cameras, outdoor configurations) and its potential incidence on the radiation performances and the correlation coefficient.
The reduced dimensions of the metallic antenna support and the MIMO context imply a positioning of the monopoles using spatial and polarization diversities, as shown on Fig.4 . We compare this configuration with a structure based on spatial diversity only (Fig. 3) . The second parameter required for the determination of the correlation coefficient is the propagation channel characteristics, which must be also experimentally defined.
In practice, the quality of the wireless transmission is very dependent on the environment in which waves are transmitted; each environment (indoor/outdoor, urban/rural) corresponds to a propagation channel with its own characteristics. The essential component is the presence of multiple paths that are typically characterized by their angle of arrival/departure (AoA/AoD) and angular spread angle. Performances of the system depend directly on these criteria which must be consequently precisely identified. We use propagation channel models that take into account multipath phenomena. These models have been studied by [2] and are normalized according to the TGn standard applicable to MIMO WLAN systems [1] .
The IEEE TGn standard can be used for both 2 GHz and 5 GHz frequency bands. It relies on the concept of multipath clusters with similar departure and arrival directions for both transmitted and received paths. A large number of reflections (six) is taken into account to realistically model indoor or outdoor environments. The distribution of the incident power is assumed as uniform in elevation and variable in azimuth. This variability is reproduced by a Laplacian function IV. DATA PROCESSING -RESULTS Antennas have been tested using the metallic supporting structure illustrated in Fig.3 (the spacing between the different antenna excitations is approximately 0.4λ).
The [S] parameters (see Fig.6 ) are determined for each configuration, in order to verify the isolation and return loss parameters, which are also required for defining the correlation coefficient.
The agreement between simulation and measurement is quite good, and the isolation parameters remain lower than the targeted value. The correlation coefficient is determined from the measured 3D radiation patterns, taking consequently into account the near field interactions between adjacent antennas and the surrounding parasitic environment (metallic support, camera,…). A correlation coefficient ρ less than 0.7 is generally assumed to provide a sufficient diversity gain [5] . A value of ρ lower than 0.5 is targeted here to ensure good performances. Simulation results in Table 1 exhibit better performances for hybrid diversity due to lower correlation coefficient. Indeed, despite the fact that spatial diversity provides increased capacity, it is not always the optimal solution from a practical standpoint due to the need to provide wavelength or more inter-element spacing. As for polarization diversity, it can be a more practical option since co-located orthogonally polarized antenna elements (i.e. ± 45°) can be used to achieve high performance improvements.
V. OPTIMISATION PROCEDURE
Finally, as the correlation coefficient is basically dependent on the isolation coefficient, we investigate on original solutions for reducing such parasitic coupling.
Vertical metallic isolation structures have been inserted, with a parametric study. As mentioned on Fig. 7 , depending on the height of this optimization structure (H=0-20-40-60mm considered here). 
VI. CONCLUSIONS
We have implemented an algorithm able to calculate the correlation coefficient extracted from combined and measured radiation patterns of complex antenna structures, and from propagation channel models.. These channels take into account the multipath impact on correlation factor, and consequently the MIMO efficiency. Hybrid diversity techniques have been proposed in order to compensate the restricted available area of the camera support, which appear as a critical constraint for MIMO applications. A 4*4 MIMO system has been optimized and tested in the project [6] .
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